In this paper we analyze the evolution of actively star forming galaxies in the midinfrared (MIR). This spectral region, characterized by continuum emission by hot dust and by the presence of strong emission features generally ascribed to polycyclic aromatic hydrocarbon (PAH) molecules, is the most strongly affected by the heating processes associated with star formation and/or active galactic nuclei (AGN). Following the detailed observational characterization of galaxies in the MIR by ISO, we have updated the modelling of this spectral region in our spectro-photometric model GRASIL (Silva et al. 1998) . In the diffuse component we have updated the treatment of PAHs according to the model by Li & Draine (2001) . As for the dense phase of the ISM associated with the star forming regions, the molecular clouds, we strongly decrease the abundance of PAHs as compared to that in the cirrus, basing on the observational evidences of the lack or weakness of PAH bands close to the newly formed stars, possibly due to the destruction of the molecules in strong UV fields. The robustness of the model is checked by fitting near infrared to radio broad band spectra and the corresponding detailed MIR spectra of a large sample of galaxies (Lu et al. 2003) , at once. With this model, we have analyzed the larger sample of actively star forming galaxies by Dale et al. (2000) . We show that the observed trends of galaxies in the ISO-IRAS-Radio color-color plots can be interpreted in terms of different evolutionary phases of star formation activity, and the consequent different dominance in the spectral energy distribution (SED) of the diffuse or dense phase of the ISM. We find that the observed colors indicate a surprising homogeneity of the starburst phenomenon, allowing only a limited variation of the most important physical parameters, such as the optical depth of the molecular clouds, the escape timescale of young stars from their formation sites, and the gas consumption timescale. In this paper we do not attempt to reproduce the far infrared (FIR) coolest region in the color-color plots, since we concentrate on models meant to reproduce active star forming galaxies, but we discuss possible requirements of a more complex modelling for the coldest objects.
INTRODUCTION
With the advent of the new generation of infrared space telescopes it has become possible to study in great detail the mid-infrared (MIR) spectral region of galaxies, that had been previously sampled only with broadband filters by IRAS. Besides the hot continuum emission, an important component observed in the MIR spectra of many dusty galactic and extragalactic objects is constituted by strong emission features at 3.3, 6.2, 7.7, 8.6, 11.3 and 12.7 µm. These features are most commonly ascribed to aromatic C-C and C-H vibrations in large planar Polycyclic Aromatic Hydrocarbons (PAH) molecules, with size ∼ 10Å and containing ∼ 50 − 100 C atoms (Leger & Puget 1984; Allamandola et al. 1985; Puget & Leger 1989; Tielens et al. 1999) .
The environmental conditions that may contribute to the MIR continuum emission are quite well understood in terms of a strong radiation field that heats dust at the required temperatures. Such regions are mainly located in the vicinity of hot stars, in the AGN torii and in dense circumstellar envelopes of cool evolved stars. Conversely our knowledge of the origin of PAH emission is still controver-sial, in spite of its importance for an accurate modelling of the MIR spectral region.
Detailed observations with ISO have allowed deep investigations of the properties and variations of PAH features in different Galactic environments -post-AGB stars, planetary nebulae, reflection nebulae, young stellar objects, HII regions and photo-dissociation regions (PDR), diffuse interstellar medium -, as well as in different galaxies (e.g. Cesarsky et al. 1996; Verstraete et al. 1996; Beintema et al. 1996; Boulanger et al. 1996; Mattila et al. 1996; Peeters, Spoon, & Tielens 2004a ; see the review by Peeters et al. 2004b and references therein). The aromatic emission features in most galaxies have been found to be very similar to those in Galactic star forming regions and in the cirrus (Metcalfe et al. 1996; Vigroux et al. 1996; Genzel et al. 1998; Lutz et al. 1998; Rigopoulou et al. 1999; Tielens 1999; Helou et al. 2000; Forster Schreiber et al. 2003; Lu et al. 2003) . However MIR spectra with different appearances have been observed in peculiar environments, with particularly strong radiation fields (e.g. in AGNs, Genzel et al. 1998; Lutz et al. 1998 ). This has led to the use of PAH emission as a tracer of the star formation process (Roussel et al. 2001 , Forster Schreiber et al. 2004 , and its lack as indicative of an AGN dominated emission mechanism Clavel et al. 2000; Laurent et al. 2000) .
More recently, a comprehensive analysis of the MIR to FIR spectra of Galactic star forming regions, normal galaxies and starbursts suggests that PAHs are a better tracer of B stars rather than of massive O stars (Peeters et al. 2004a , Boselli, Lequeux, & Gavazzi 2004 , Madden 2005 . This has been found also by Tacconi-Garman et al. (2005) by direct high resolution 3 µm imaging of two nearby starbursts (NGC253 and NGC1808): they find no spatial coincidence between the detailed distribution of PAH emission and the sites of the most recent star formation.
Several recent works have also shown that the intensity of the PAH bands is systematically lower in very low metallicity galaxies, such as Blue Compact Dwarfs and dwarf galaxies in general, and some irregulars (e.g. Madden 2000; Galliano et al. 2003 Galliano et al. , 2005 Boselli et al. 2004; Dale et al. 2005; Engelbracht et al. 2005 ). This has been ascribed either to a lower intrinsic PAH abundance or to a higher destruction rate of these molecules due to a strong UV field (see e.g. the review by Madden 2005) .
In summary there is mounting evidence that the use of the MIR region and in particular of the PAH features as tracers of star formation in galaxies is not straightforward.
In order to correctly interpret the spectra of galaxies, a detailed modelling that includes the complex interaction between the evolution of stellar populations and dust is needed. In fact while the new observations have allowed us to better define the characterization of PAHs in the diffuse medium (e.g. Li & Draine 2001; Zubko, Dwek, & Arendt 2004) , most current spectro-photometric models adopt a pure phenomenological approach (e.g. Dale et al. 2001) . A recent model that combines radiation transfer within the star forming regions with the evolution of the powering star clusters is presented by Dopita et al. (2005) . This model, though being the most advanced in the specific treatment of the star forming regions, lacks the diffuse component and cannot be safely compared with galaxies as a whole. On the other hand the PAH treatment in our code GRASIL 1 (Silva et al. 1998) , that takes into account the entire temporal evolution of several subcomponents, was still based on pre-ISO data.
For this reason we present here an updated version of GRASIL including the new developments for the PAH emission, and perform an analysis of the evolution of normal metallicity (i.e. not dwarf galaxies whose MIR SEDs are observed to behave differently as recalled above) actively star forming galaxies in the mid infrared.
The structure of the paper is the following. In Section 2 we summarize the inclusion of the new theoretical model of PAHs by Li & Draine (2001, LD01 hereafter) . There we make the important assumption, supported by observations, that the PAH abundance within our (star-forming) molecular clouds (MC) is significantly depleted with respect to that in the cirrus component. In Section 3 we perform a detailed comparison of the new model with NIR to radio SEDs of star forming galaxies taken from the Lu et al. (2003) sample. We show that, together with the wide NIR-Radio broad band fluxes, also the MIR-ISO narrow bands, dominated by PAH emission, are very well reproduced. Since these galaxies span a wide range of FIR luminosities, we conclude that a proper combination of a cirrus component with PAH emission suited for the diffuse ISM in our Galaxy (where the LD01 model is calibrated), and a MC component with strongly depleted PAHs, can be safely adopted in general for star forming galaxies. With this new model we explore the MIR-FIR-radio colors of a larger sample of galaxies taken from Dale et al. (2000) for which only broadband ISO, IRAS and Radio fluxes are available (Section 4). This comparison allows us to draw a physical interpretation of the observed data, in terms of the evolution of the starburst phenomenon. The MID-FIR and Radio data constitute a unique set of constraints indicating a strong homogeneity of the main physical parameters. Our conclusions are summarized in Section 5.
PAH MODELLING IN GRASIL
In this Section we provide a short summary of the properties of GRASIL. We defer the reader to Silva et al. (1998) and Silva (1999) for further details.
GRASIL calculates the UV to radio SED of galaxies by taking into account a detailed treatment of dust reprocessing of stellar radiation. A particular important point is that the coupling between stars and dust is considered, by letting stars form inside optically thick molecular clouds (MCs) and then gradually escape as they grow old. Older stellar generations are distributed within the diffuse ISM (cirrus). This modelling, with a realistic 3-D treatment of extinction and IR emission, allows quantitative physical interpretations of multi-wavelength observations as well as predictions (e.g. Silva et al. 1998; Granato et al. 2000; Panuzzo et al. 2003 Panuzzo et al. , 2004 .
In addition to the complex geometry, the SEDs depend on the dust intrinsic properties (chemical composition, size distribution, shape, see the recent reviews by Draine 2003 and Dwek 2004) . These properties depend on the different environments in which dust grains form or evolve. Most of the available dust models are suited for the Galactic cirrus, for which the largest data set is available. The dust model we use in GRASIL is made of graphite and silicate spherical dust grains (Draine & Lee 1984 and Laor & Draine 1993) , with a power-law size distribution that extends to include also the very small grains transiently heated by single photons, and by PAH molecules. The dust heating and emission are adequately computed for each component.
PAH emission in the cirrus component
In Silva et al. (1998) we took into account five PAH emission bands, at 3.3, 6.2, 7.7, 8.6 and 11.3 µm. We adopted the optical-UV absorption cross-section by Leger, D'Hendecourt & Defourneau (1989) , obtained by laboratory measurements for different PAH mixtures. We followed Leger et al. (1989) for the heat capacity as a function of temperature and number of C and H atoms in the molecules. We adopted a population of PAHs with a continuous power-law distribution, dn/dNC ∝ N −2.25 C , with NC, the number of Carbon atoms in the molecules, extending from 20 to 280 atoms. This range corresponds to a size a = 4 to 15Å, with a = 0.9 √ NC (valid for the catacondensed PAHs, the most compact and stable configuration). We took into account the possibility of partial hydrogenation of the molecules, as suggested by observations, and fixed the hydro-coverage (the ratio of the number of H atoms over the number of available sites) so to reproduce the observed ratio of C-H and C-C bands in the Galactic cirrus. The abundance of carbon atoms locked in PAHs in our dust model is set to 18 ppM in the cirrus, and was 10 times lower in the MCs to account for PAH destruction in strong UV fields (see Section 2.2).
The PAH emissivity is computed following mainly Xu & De Zotti (1989) . Once emitted, PAH bands are absorbed by MCs and/or cirrus dust before emerging from the model galaxy. This treatment provides a rigorous computation of the total energy emitted in these features.
ISO data have allowed us to get a deeper knowledge of PAH phenomenology, as summarized in the Introduction. In particular, new PAH bands have been detected, their profiles studied in different environments and galaxies, thus yielding several constraints for their modelling. Nevertheless, the properties of astrophysical PAHs are still rather uncertain, so that, as in the case of dust models in general, their modelling still require ad-hoc settings of parameters to best reproduce the observations. Li & Draine (2001) presented a quantitative model for dust in the diffuse ISM, including PAHs. Basing on laboratory studies of these molecules, and by comparing with observations, they have provided "astronomical" cross sections for PAHs, reproduced with Drude profiles. We have updated our model for PAHs in GRASIL by adopting the main features of the LD01 model: in addition to the 3. 3, 6.2, 7.7, 8.6, 11 .3 µm bands, we now include also the 11. 9, 12.7, 16.4, 18.3, 21 .2, and 23.1 µm bands. Absorption and emission from PAHs are computed as described above, but adopting the FWHM and emission cross sections by LD01. As stressed by the authors, available laboratory data on PAHs differ by large factors among different groups, and also between ex- Lu et al. (2003) sub-sample. The galaxies are ordered by increasing log(fν (60µm)/fν (100µm)). Column (3) displays the fraction of the LW2 flux from the cirrus component over the total LW2 flux of the best fit model. Column (4) shows the main contributor to the MIR SED of the best fit, "c" indicates that the MIR SED is "cirrus emission dominated", "m" indicates that it is "molecular cloud emission dominated", and "mix" that the MIR SED is a mixed of these two contributions, see Fig. 2 . We classify the fit as "c" if the ratio F LW2 (cirrus)/F LW2 (total) is 2/3, as "mix" if 1/3 F LW2 (cirrus)/F LW2 (total) < 2/3 and as "m" if
Galaxy log perimental results and theoretical calculations. Therefore, LD01 modified laboratory data for the emission cross sections in order to reproduce observations (the Galactic cirrus emission). The LD01 model for PAHs above 14µm is based on laboratory data from Moutou et al. (1996) , since galaxy spectroscopy was not available. Very recently, some works have reported Spitzer spectra that probe this poorly known region (e.g. Armus et al. 2004; Peeters et al. 2004c; Smith et al. 2004; Weedman et al. 2005) . In some cases, several new PAH features have been observed between ∼ 17 and 22µm, but not coincident with the 18.3, 21.2, and 23.1 µm bands of the model. Instead, in Smith et al. (2004) , no PAH band has been observed above ∼ 18µm in NGC 7331. Note anyway that these uncertainties are not expected to affect our results. Indeed we have estimated the contribution of the 18.3, 21.2, and 23.1 µm bands to the 25 µm IRAS filter as compared to the continuum, for the models fitting the SEDs described in Section 3. This estimate refers to the worst case, in which no PAH features are present in galaxies above ∼ 18µm. In most cases the contribution is less than 10%, only in a couple of cases it is < ∼ 30%, i.e. we are always within the IRAS observational errors. We also note that the LD01 model fits very well the DIRBE data for dust emission in our Galaxy (figures 8 and 10 in LD01), with one of the DIRBE filters dominated by these three bands. It is conceivable that in a few years it will become possible to have enough observational constraints to better define a reference model for astrophysical PAHs at long wavelengths.
PAH emission in the MC component
While the abundance of PAHs in the cirrus environment is relatively constrained, the situation is much less clear for the regions of intense star formation, characterized by higher particle densities and/or larger UV radiation fields. Abergel et al. (1994) already noticed a lack of PAH emission in dense molecular clouds revealed by 13 CO. Marty et al. (1994) advanced a possible explanation suggesting that in these clouds PAH molecules could be depleted by accretion onto dust grains and/or formation of organometallic complexes (see also Serra et al. 1992) . Concerning the effects of strong UV radiation field, Allain, Leach, & Sedlmayr (1996) showed that PAH molecules which are already either ionized or even partially dehydrogenated, have photo-dissociation rates far in excess of those of the neutral species.
Only after ISO data were available, it was possible to build a clearer and more direct picture of PAH emission, revealing a general lack of such features in regions associated with the star formation processes. Observations in our Galaxy show a clear decreasing of PAH emission near hot stars, or when passing inward from PDRs to HII regions Contursi et al. 2000) . Hony et al. (2001) report observations of a high degree of dehydrogenation in star forming regions. Peeters, Spoon, & Tielens (2004a) show a lack of the PAH features in spectra of ultra compact HII regions, and in that of heavily obscured starbursts, both characterized by high dust optical depths. These latter observations are particularly relevant because they raise the question whether such a lack is due to a strong attenuation accompanied by dilution of the continuum, or to a real destruction of PAH molecules in such environments. To clarify this point we performed several tests with models of molecular clouds with GRASIL, varying the optical depth, the abundance of PAHs and the sublimation temperature of the dust (the latter in order to allow dilution by hot dust). It resulted that the only viable way to suppress PAH emission in our MC models was to deplete their abundance by a large factor (≃ 1000 with respect to that of the cirrus in order to reproduce the MIR observations described below). Thus we will assume in the following that the abundance of PAHs in our MCs is fixed to 10 −3 times that in the cirrus. This is even more evident if one thinks that the lack of the 3.3 µm PAH emission near very hot stars observed by Tacconi-Garman et al. (2005) is difficult to ascribe to dilution by the continuum.
The necessity of such a strong damping has been considered also by Dale et al. (2001) . In their phenomenological IR SEDs, they adopted an analytical damping factor for PAHs, function of the intensity of the radiation field. From their treatment one sees that when the radiation intensity is larger than a few thousands time the local interstellar radiation field, the PAHs are almost completely depleted.
Finally let us comment that observations indicate that PAH emission in star forming environments arise mainly from PDR regions. These regions are implicitly accounted for in our treatment, because it accounts for absorbtion of dissociating photons in the interior of the molecular clouds and in the surrounding diffuse medium. In principle our code allows us to consider a distribution of MCs with different optical depths (Silva 1999) , in particular we could include a class of low optical depth molecular clouds where PAHs are not depleted. While this would allow us to explicitly model the PDR regions (and will be the subject of a forthcoming paper), this would introduce another set of free parameters that appear not to be relevant for the actively star forming galaxies we compare with below, as illustrated in the following sections.
COMPARISON WITH MID INFRARED SEDS OF SELECTED GALAXIES
In order to test the model with observations we performed a detailed comparison with well observed MIR SEDs of a sample of star forming galaxies taken from Lu et al. (2003) . This galaxy sample, observed with the PHT-S mode of ISOPHOT (5.8 -11.6 µm), covers the full range of morphological types of disk galaxies, from S0 to Im, and is characterized by an increasing ratio of present day star forming activity to the past time averaged star formation rate (Helou 1986 ). The Lu et al. galaxies are a subset of a larger sample for which ISO (Dale et al. 2000) and IRAS broad band fluxes are available, and will be discussed in Section 4. Among this sample, we selected those galaxies which are classified as HII on the NED 2 , and with well defined PAH features, i.e. we considered those objects whose data are incompatible with an absence of features when including error bars. The selected sub-sample is listed in Table 1 , where galaxies are reported in increasing order fν (60µm)/fν (100µm) together with one of the results of the fitting, i.e. if the galaxy is found to be cirrus dominated (c type in the last column), molecular cloud dominated (m) or of mixed type respectively. The other properties of these galaxies can be retrieved in Table 4 .
Lu et al. provide specific fluxes within narrow square passbands around the corresponding PAH features, for an aperture of 24 ′′ × 24 ′′ . In order to compare these values with the global broad-band photometry at 6.75 µm (LW2) taken by Dale et al. (2000) , we used the aperture coverage factor, p, given by Lu et al. With this factor, the errors in the fit of the PAH bands by using the 6.75 µm broadband is always less than 25%.
The fits of the observed SEDs were performed on a wider wavelength range (from NIR to radio, using H, J, K bands, LW2, LW3 ISO bands, 12, 25, 60 and 100 µm IRAS bands, 450, 850 µm SCUBA bands, and 8.4, 4.8, and 1.49 GHz bands when the data are available, see below and Fig.  1 ) and by taking into account the suitable filter responses.
We considered galaxy models spanning a wide range of parameters: star formation history, obscuration times, dust optical properties, etc. The star formation history was obtained with our chemical evolution code, adopting a Schmidt-type SFR (= ν Sch Mgas), with a star formation efficiency ν Sch = 0.5 Gyr −1 , a Salpeter (1955) IMF (∝ M −1.35 ) between 0.05 − 120M⊙. The observational sample is made of star forming galaxies with a large range of IR luminosities, Figure 1 . Comparison between the observed and model SEDs for four representative galaxies of our sample. The solid line is the total emission, the dashed line is the contribution from the diffuse medium, and the dotted line is the contribution from the molecular clouds. Filled circles are the observational data by Lu et al. (2003) , Bendo et al. (2002) , Dale et al. (2000) , Dunne et al. (2000) , Machalski & Condon (1999) , Chini et al. (1996 Chini et al. ( , 1995 , Condon et al. (1995 Condon et al. ( , 1990 , Niklas et al (1995) , Carico et al (1992) , and Israel et al. (1983) . Open rombs are for the model in the following order: 6.2µm, 6.75µm (ISO LW2), 7.7µm, 8.6µm, 11.3µm, 12µm (IRAS) , 15µm (ISO LW3) and 25µm (IRAS).
revealing the presence of mild to strong starbursts. Therefore we superimposed to the quiescent component a starburst phase characterized by an exponential decreasing star formation rate (with e-folding times t b ). The burst is supposed to start at a galaxy age of 11.95 Gyr, and to involve 10% of the mass of the gas present at that age. We follow the evolution of the SEDs at different ages of the superimposed burst (age b ), from the early starburst phase to the post-starburst and quiescent-normal phase.
Among the GRASIL parameters that mostly affect the MIR-FIR range we recall the optical depth of MCs (we address to it as τ1, i.e. at 1µm), the gas-to-dust mass ratio (G/D), the fraction of molecular mass to total gas mass (Mm/Mgas), and the escape time-scale of newly born stars from their parent MCs (tesc). Tables 2 and 3 list the ranges of parameters of the model SED library used to perform the fits.
In Fig. 1 we show some examples of the full SED fittings we performed to the galaxy sample of Table 1. The galaxies shown in the figure are representative of the range of fν (60µm)/fν (100µm) values covered by the sample. Table 2 . Parameters for the star formation history of the model library. M low and Mup are the adopted mass limits of the Salpeter IMF; ν Sch is the efficiency of the Schmidt-type SFR; t b indicates the e-folding time of the exponential burst superimposed to the quiescent star formation; age b indicates the ages, from the beginning of the burst, at which the SEDs are computed; %M b is the percentage of the mass of gas of the galaxy models involved in the burst at an age of 11.95 Gyr. See text for more details.
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In Fig. 2 we show the detailed comparison in the MIR range between out best fitting models and the data for all the galaxies reported in Table 1 . The points in the figure refer to the specific fluxes at 6.2µm, 6.75µm (ISO LW2), 7.7µm, 8.6µm, 11.3µm, 12µm (IRAS), 15µm (ISO LW3) and 25µm (IRAS). In all cases the predicted PAH features compare very well with the observations being generally within Figure 2 . Detailed comparison between the observed and model PAH bands. The solid line is the total emission, the dashed line is the contribution from the diffuse medium, and the dotted line is the contribution from the molecular clouds. Filled circles are the observational data by Lu et al. (2003) and Dale et al. (2000) , in the following order: 6.2µm, 6.75µm (ISO LW2), 7.7µm, 8.6µm, 11.3µm, 12µm (IRAS), 15µm (ISO LW3) and 25µm (IRAS). Open rombs are for the model. The residuals between models and data are given as (f data − f model )/f data . In all cases the MIR continuum is mostly dominated by the molecular clouds emission, while the bands containing PAHs are initially dominated by the cirrus component, and then by the molecular contribution, at increasing fν (60µm)/fν (100µm) flux ratio.
the quoted standard deviations. We also notice, from Table  1 that, at increasing fν(60µm)/fν (100µm) ratio, the SEDs shift from cirrus dominated to MC dominated, without any appreciable trend in the goodness of the fit. Given the wide range of the luminosity ratios LFIR/LB spanned by the sample galaxies, we conclude that the model is robust and able to reproduce the continuum SEDs as well as the MIR spectral features, over a wide range of relative star formation activity, from mild to strong starbursts. 
COMPARISON WITH ISO-IRAS COLOR-COLOR PLOTS
We now compare our models with a larger data set of starforming galaxies for which only broad-band ISO and IRAS fluxes are available.
The data sample
This observational sample is taken from Dale et al. (2000) . They published global ISO fluxes for a large sample of galaxies, for which also IRAS data are available. These galaxies were observed within the ISO Key Project on the Interstellar Medium of Normal Galaxies (Helou et al. 1996) . The parent sample for this project has the original criterion of fν (60µm) ∼ > 3 Jy, a published redshift, and no active galactic nucleus or Seyfert classification in the NED, although two galaxies of the sample, NGC4418 and MRK331, show some evidences of hosting an AGN. They span the full range of morphologies, mostly spirals and irregular galaxies, but including two elliptical galaxies; FIR luminosities are ∼ 10 8 -10 12 L⊙; FIR colors are fν (60µm)/fν (100µm) ∼ 0.25 − 1.6, and infrared to blue luminosity ratios LFIR/LB ∼ 0.05 − 50. They observed 61 galaxies with the broadband filters, LW2 (6.75 µm, δλ = 3.5 µm) and LW3 (15.0 µm, δλ = 6.0 µm) of ISOCAM . For this work, we did not include 7 galaxies (NGC1222, UGC2855, NGC2366, NGC4490, NGC5866, NGC6822, and NGC6946), that either have only lower limits in their MIR observations, or are not detected in any LW filter.
For the majority of the galaxies we have also collected, from literature, total fluxes on radio emission at 6.3 and 21 cm (Condon et al. 1990 (Condon et al. , 1991 (Condon et al. , 1995 , that will be used for the characterization of the starburst evolution. All these data are shown in Table 4 . Fig. 3 shows the location of the galaxies in the regions corresponding to different star formation activities, following the definition by Lu et al. (2003) . About 43% galaxies of the sample have log(LFIR/LB) 0 and log fν (60µm)/fν (100µm) −0.24, and are considered to be strong starbursts. About 31% galaxies of the sample fall in the opposite quadrant and are considered to be FIRquiescent galaxies, while the remaining 26%, populating the other two quadrants, are considered to be in a mild starburst phase. In summary the sample of Dale et al. is well suited to study a mild to strong starburst environment.
Results of the comparison
In the four panels of Fig. 4 we plot the observed ISO LW2 and LW3 and IRAS 12, 25, 60 and 100 µm flux ratios. The LW2 filter includes the 6.2, 7.7, and 8.6µm PAH bands while the LW3 filter includes the 11.9, 12.7 and 16.4 bands, but it is less affected by PAHs as compared to the LW2. Finally also the IRAS 12µm band is dominated by the emission of the 11.3, 11.9 and 12.7 PAHs.
Nearby star forming galaxies are known to follow a well-defined trend in the IRAS flux density ratios fν (12µm)/fν (25µm) versus fν (60µm)/fν (100µm) (Helou 1986; Dale et al. 2001 ). This trend is in the sense that at increasing fν (60µm)/fν (100µm) the fν(12µm)/fν (25µm) and fν (6.75µm)/fν (15µm) ratios decrease. This has been explained as an increasing sequence of star formation activity. The warmer fν (60µm)/fν (100µm) color reflects the fact that higher dust temperatures of big grains (in thermal equilibrium) shift the FIR emission peak to shorted wavelengths. The common interpretation of the fν (12µm)/fν (25µm), fν (6.75µm)/fν (15µm) behavior is that, at the same time, the stronger radiation field destroys very small grains and PAHs (see Section 2.2) and enhances the MIR continuum as well.
In that figure, we have superimposed the time evolution of models computed with three different values of the MCs optical depth, τ1= 40, 50 and 60, and two escape timescales of newly born stars from their parent MCs, tesc=10 Myr and tesc=30 Myr. The time evolution is indicated by the ratio between the age of the starburst and the e-folding time of the star formation process (age b /t b ), from the beginning of the starburst phase (age b /t b ∼ 0.05) to the quiescent phase (age b /t b ∼ 4.0 − 7.92). The ticks correspond to different values of the ratio age b /t b = 0. 05, 0.08, 0.12, 0.20, 0.31, 0.50, 0.80, 1.26, 2.00, 3.15, 5.0, and 7.92 , and the evolution is defined by the lines. The SEDs of our models are initially dominated by emission of the underlying quiescent disk component which is characterized by cold FIR colors (Log(fν (60µm)/fν (100µm)) -0.3). As their luminosity increases, due to the rapid formation of new massive stars, they evolve toward hotter FIR colors, reaching a maximum when the starburst is well developed (Log(fν (60µm)/fν (100µm)) 0). Then they turn back toward cooler FIR colors (but with higher fν (12µm)/fν (25µm) and fν (6.75µm)/fν (15µm) colors) as the star formation declines and the oldest stars leave the molecular clouds. This behavior is common to all the selected starburst models.
The agreement with the data is fairly good. In addition we may draw the following considerations.
We did not include a PAH destruction mechanism continuously increasing with the intensity of the radiation field, instead we made the assumption that within star forming regions PAHs are damped by a fixed factor (see Sec. 2.2). Therefore the lowering of the fν(6.75µm)/fν (25µm) and fν (6.75µm)/fν (15µm) colors in the models simply reflects the progressive dominance of the MC component over the cirrus one, when the starburst is in its star formation peak. The sequence of colors is then interpreted as an evolutionary sequence characterized by the dominance of the MC over the cirrus component (Helou 1986; Helou et al. 1991) . Four main evolutionary phases can be recognized: the early starburst phase characterized by cool fν (60µm)/fν (100µm) colors and low MIR-FIR colors; the peak starburst phase with the models reaching the hottest FIR colors and the lowest MIR-FIR colors; the evolved starburst phase with warm FIR colors and warm MIR-FIR colors; finally the post starburst phase where the models move toward the cool FIR colors and hot MIR-FIR colors, typical of normal spiral galaxies.
The models considered here do not reach the coolest FIR region of the diagram (fν(60µm)/fν (100µm) −0.45). This is the region dominated by normal spiral galaxies as can be seen by the location of the Boselli et al. (2003) Virgo spiral galaxy sample, plotted for the purpose of comparison (open circles). In this paper we have considered models meant to reproduce actively star forming galaxies. It is conceivable that the coolest region requires a more direct consideration of the PDRs (see Section 2.2).
The evolution of the starbursts in the diagrams is modulated by the optical depth of the molecular clouds, which affects primarily the colors fν (6.75µm)/fν (60µm) and fν (15µm)/fν (60µm). At larger optical depths these flux ratios decrease. The flux ratio fν (6.75µm)/fν (15µm) is instead less dependent on τ1, and in this case both data and models show a lower dispersion. Furthermore the range of allowed optical depths is fairly narrow, ranging from τ1 ∼40 to ∼60. Only a few objects would require a slightly higher optical depth. These objects are particular in the sense that they do not share the trend common to all the others and the majority of them are actually ULIRGs, which could be highly obscured (Prouton et al. 2004) .
The effect of other tested parameters are in brief the following: shorter e-folding times t b of the burst produce hotter peak models. However these models are also characterized by a wider evolutionary sequence in the MIR colors; in practice with t b < ∼ 15 Myr, the evolutionary path is an envelope of the data without matching them. For values of t b > ∼ 25 Myr, the evolution of the MIR colors is as observed but the range of the 60/100 color is very small and concentrated to the warm central region. The escape timescale of young stars from their parent MCs is well constrained by this comparison. Short escape times, tesc ∼ < 10 Myr, result in too wide evolutionary sequences, in the MIR-FIR plots, again surrounding the data, while values higher than tesc ∼ 35 Myr are confined to low MIR-FIR flux ratios. The typical escape time suggested by the data is of ∼ 20 Myr, comparable to the e-folding time of the SFR. As for the molecular gas fraction, the comparison suggests that it should be confined between 30% and 70% of the total gas mass, with 50% the best value.
Summarizing, from the comparison with the data we find the following typical parameters for our models: a star formation e-folding time t b ∼ 15 − 25 Myr; fractions of molecular mass between 0.3 to 0.7, with the hottest models having the lowest molecular gas fraction; escape times tesc between 10 to 40 Myr.
ISO-IRAS-Radio color-color plots
For the majority of the galaxies radio data at 6.2 and 21cm are available (see Table 4 ). The radio emission of the models is computed following the prescriptions given in Bressan, Silva & Granato (2002) . Thermal emission is computed according to the flux of ionizing photons, while the non thermal emission is set proportional to the core collapse supernova rate.
The FIR to radio ratio q is defined as:
where FFIR = 1.26 10 −14 (2.58 fν (60µm) + fν (100µm)) W m −2 , with fν(60µm) and fν (100µm) in Jy. The average observed value of the q parameter for a spiral galaxy is q ≃ 2.35 at 1.49 GHz (Condon 1992; Sanders & Mirabel 1996) Fig . 5 shows the evolution of the models in composite MIR-FIR-radio bands. The agreement between models and Table 4 . Properties of the Dale et al. (2000) sample we use for our analysis. Radio data are from Condon et al. (1990 Condon et al. ( , 1991 Condon et al. ( , 1995 . data is fairly good, consistent with the fact that the models well reproduce the observed FIR-radio correlation. The partial disagreements in the 21 cm plots for models during the peak phase may be explained by the need to account for free-free absorption (Bressan et al. 2002; Prouton et al. 2004 ). Again, the region of very quiescent spiral galaxies is not covered by the starburst models.
CONCLUSIONS
This paper is devoted to an accurate analysis of the properties of starburst galaxies in the mid infrared. This spectral region is dominated by PAH emission features, and an update with respect to our previous treatment of PAHs in our code GRASIL (Silva et al. 1998 ) was necessary in its two main components, the cirrus and the molecular clouds, respectively.
In the cirrus component we have introduced the new ) and escape times of newly born stars from MCs (tesc). The parameters of the models are t b = 20 Myr, fraction of molecular gas mass to total gas mass=0.5. The ticks correspond to 05, 0.08, 0.12, 0.20, 0.31, 0.50, 0.80, 1.26, 2.00, 3.15, 5.0, and 7.92 . The lines connect the different evolution sequences. In order to remark the region occupied by the normal spiral galaxies, we also plot the Boselli et al. (2003) sample as open circles (see text for details). The sizes of the symbols represent the FIR luminosities as marked by the legend in the top right panel.
quantitative description of PAHs in the diffuse ISM, given by Li & Draine (2001) . As for the MC component, the observational evidence of a lack of PAH emission in regions characterized by strong UV radiation fields, forced us to reduce the PAHs abundance by a large factor (i.e. ∼ 1000 times less than in the cirrus component).
As a workbench we have compared the updated model with the SEDs of a select sample of star forming galaxies, for which both accurate MIR narrow band and NIR, FIR and Radio observations are available. This comparison probes successfully over the wide range of FIR luminosities of the selected galaxies.
We have then analyzed the observed trend of MIR-FIR and radio colors for a larger sample of galaxies, from actively star forming to obscured starbursts. To this aim we have compared a large library of model SEDs, spanning a wide range of physical parameters, with observed color-color plots. The data are well reproduced by the models within a limited range of values of the main physical parameters.
As already suggested by Helou (1986) and Dale et al (2001) , the observed MIR-FIR trend can be interpreted as a sequence of the dominance of the MC component with respect to the cirrus component. However, contrary to previous works, that were based on mainly empirical SEDs, this comparison allows us to propose that the observed sequence corresponds to the evolution of the starburst phenomenon.
Four main phases can be highlighted, as summarized in Fig. 6: (a) The early starburst phase, characterized by warm FIR and cold MIR colors and where the few newly formed stars are still deep inside the progenitor molecular clouds. The SED is dominated by emission from MCs but the intensity of the radiation field has not reached its peak value. In our model this phase has a low ratio of age b /t b , between 0.05 to 0.20. (b) The starburst peak phase, where the majority of massive stars are produced, and the SED is dominated by the hot dust emission from the molecular cloud component. During this phase the starburst reaches the hottest FIR colors and the lowest relative PAH emission. It is characterized by 05, 0.08, 0.12, 0.20, 0.31, 0.50, 0.80, 1.26, 2.00, 3.15, 5.0, and 7.92 . The lines connect the different evolutive sequences. In order to remark the region occupied by the normal spiral galaxies, we plot the Boselli et al. (2003) The data suggest that the starburst phenomenon is characterized by a surprising homogeneity. The optical depth of the molecular clouds at 1 µm is confined between 40 and 60; the escape time scale from molecular clouds is between 10 and 30 Myr and it mainly affects the advanced evolution of the starburst; the e-folding time of the star formation process cannot be shorter than about 15 Myr, nor larger than about 30 Myr. Though those figures are similar to the estimates given in Silva et al. (1998) , only with the advent of accurate measurements in the mid infrared it has been possible to restrict them to a very narrow range.
It is also evident from the models, that PAH features cannot be taken as a direct measure of the dominant powering mechanism since, in those cases where the MC component dominates, there is a significant lack of emission, as observed in AGNs.
Further work is needed to reproduce the most quiescent galaxies (occupying the region with the coldest FIR colors, Log(fν (60µm)/fν (100µm)) −0.45), where possibly a more complex description and modelling of the different zones of star formation, for instance the PDR zones, is required, and will be the subject of a forthcoming paper. 
